Background: Birth weight is an important indicator of a child's vulnerability to the risk of childhood illness and chances of survival. The identification of factors contributing to low birth weight (LBW) is therefore of paramount importance. Objective: The objective was to investigate effects of maternal factors on birth weight of the baby. Materials and Methods: In a cross-sectional hospital-based study, data collection was done on 100 women for their age at the time of delivery, gestational age (GA), parity, height, weight, hemoglobin, blood sugar, blood pressure, sex of the delivered child, and weight of the child during the period from June to August 2014. Descriptive statistics, bivariate analysis, receiver operative characteristic (ROC) curve, and logistic regression analysis were used. Results: The proportion of LBW (<2500 g) was found to be 36.8% in the infants. Anemia was seen in 67% of the women. Bivariate analysis showed that GA (r = 0.68) was significantly associated with LBW (P < 0.05). ROC analysis revealed sensitivity (86% and 81%) and specificity (60% and 64%) for GA and parity, respectively. Furthermore, GA <37 and parity <2 found to increase risk of LBW by 8.9 and 4.5 times, respectively (P < 0.05). Maternal age, height, weight, and sex of the child had no statistical significant effect on determining the risk of LBW. Conclusion: GA and parity were found to be the important maternal parameters influencing the birth weight of the child.
Introduction
Birth weight is closely associated with the health and survival of the newborn. Low birth weight (LBW) (<2500 g) is the strongest determinant of infant morbidity and mortality in India. The World Health Organization estimated that 17% of the babies born worldwide are LBW, with marked differences between the incidence in developing (19%) and developed countries (7%). [1] As per national family health survey-3 (NFHS-3) report, proportions of LBW babies were slightly higher in rural (23%) than for urban population (19%) with regional disparity as low as 8% in Mizoram to 33% in Haryana and 23.4% in Madhya Pradesh (25% in Indore).
[2]
Besides, biological factors such as gestational age (GA), maternal anthropometry, weight and height, [3] education, [4] parity of mother, sex of delivered child, [5] and lifestyle factors like dietary habits, tobacco or caffeine consumption [4] can also influence birth weight. Studies have also shown socioeconomic factors like maternal education and household income as important factors affecting birth weight. [5] Women with low education, poverty, and poor nutritional status are coexistent in rural part of India and therefore they are at increased risk of adverse reproductive outcomes including LBW and preterm birth.
It is generally assumed that prevention of LBW results in a corresponding reduction in perinatal mortality. [6] The identification of factors contributing to LBW is therefore of paramount importance. Although there is considerable work done on this topic in other areas in developing countries, the present work focuses on "kudel" block of Indore district, Madhya Pradesh. Therefore, the study intends to investigate the influence of parity, maternal anthropometry, and GA on the birth outcome of newborns.
Materials and Methods

Setting and design
The present cross-sectional study was undertaken at Index Medical College and Research Centre, Indore, Madhya Pradesh from June to August 2014. Data were collected for females residing in and around "kudel" block which comes under the rural area of Indore district, Madhya Pradesh. As the hospital is the only tertiary health care setup nearest to this block, the majority of the population used to visit this center. Therefore, the particular block has been selected for the study purpose. During this period, total of 100 women delivered in the hospital.
Study variables
All these women were included in the study after obtaining written informed consent. The data on sociodemographic characteristics and maternal risk factors were collected using predesigned and pretested protocol. The sociodemographic variables were age at the time of delivery, economic status, and the maternal characteristics were height, weight, parity, hemoglobin (Hb), blood sugar, and blood pressure. A standard scale measured maternal anthropometry. Infant weight was measured with the salter scale (UNICEF). The GA was calculated from the last menstrual period in completed weeks of gestation. The outcome of pregnancy was recorded in terms of birth weight of the newborns.
In the present study of the total number recruited, only one baby was diagnosed as fetal growth restriction antenatally (small for date) however that has been excluded while doing analysis, so data have not been presented separately.
Statistics
An analysis was performed using SPSS software for Windows (version 11.0, 2001, SPSS Inc., Chicago, IL, USA). All the variables were tested for normality by the Kolmogorov-Smirnov test prior to statistical comparisons. Receiver operating characteristics (ROCs) curves and logistic regression were used for the analyses. Adjusted odds ratios (ORs) were calculated in the regression of the outcome events. P < 0.05 was considered to be significant. ROCs curves were carried out to predict LBW, specificity and sensitivity tests were performed with the age of mother, parity and gestational weeks. In this context, sensitivity is the ability to detect an LBW baby while specificity is the ability to detect a normal birth weight baby. [7] A good predictor is one which has a high sensitivity and high specificity.
Results
Maternal characteristics such as age, weight and height, blood pressure, Hb, and blood sugar are presented in Table 1 . Mean maternal age of mother at the time of delivery was 23.9 ± 4.0 years (range: 18-40 years). Around 17.5% women were below the age of 20 years and 5.1% were above 35 years. Mean height and weight was 152.9 ± 6.3 cm and 46.7 ± 8.2 kg, respectively. Nearly, 62% of the women were multiparous were as remaining 38% were primiparous.
Average Hb was observed to be 10.2 ± 1.8, majority of females (67%) were anemic, Hb <11 g/dl (Indian Council of Medical Research). Random blood sugar was seen to be 88.3 ± 13.5 g/dl; almost all of the females had normal sugar level. None of them were observed to be hyperglycemic. Blood pressure was normal in maximum number of females, except for 13% in whom blood pressure was on higher side [ Table 1 ].
Gestational age ranged between 28 and 42 complete gestational weeks, 26.8% of infants were delivered before 37 completed gestational weeks (preterm infants). Birth weight of the newborns ranged with 0.85-4.2 kg. More than one-third (36.8%) of the babies were LBW (LBW <2.5 kg). Of the total newborn, 59% were males and 41% were females [ Table 2 ].
Type of delivery was vaginal (normal delivery) in case of 52.1% of the women and in remaining 47.9% women operational deliveries (cesarian section) were performed. Bivariate analysis showed a strong association between GA and baby weight (r = 0.684; P < 0.001) however, no such associations were observed with maternal age and anthropometry. Studies have shown that early adolescent pregnancies have resulted in LBW, therefore; despite no significance of maternal age with LBW, ROC analysis was performed to confirm the sensitivity and specificity in determining LBW.
Maternal anthropometry showed no significant relationship with baby weight. Regarding socioeconomic status, since the majority of the families belonged to a lower socioeconomic status, no associations were derived (data not presented).
The discriminative power of the maternal characteristics to estimate the risk for LBW was assessed by the area under the curve (AUC). As shown in Table 3 , only parity and GA had statistically significant discriminative ability to distinguish between normal and LBW infants (P < 0.05). Sensitivity and specificity of the defined cut-off points are shown in Table 3 . Age of the mother did not show any significant relationship with the birth weight of the baby (P > 0.1). The underlying reason could be less number of females (17.5%) below the age of 20 years.
On the contrary, apart from ROC analysis, results also highlight the fact that as parity increases the weight of the newborn was increasing. Across parity one, two, three, and four, the mean respective baby weights were (2.5 ± 0.1), (2.7 ± 0.07), (3.0 ± 0.1), and (3.2 ± 0.1) although significant increase was not observed.
Using the cut-off points from ROC analyses, the influence of maternal characteristics on birth weight was further investigated using logistic regression analysis by calculation of the OR for LBW. Obviously, if the measurements of maternal characteristics are below the cut-off point, there is a trend to increase the risk of LBW. Accordingly, preterm babies (GA <37) have 8.9 times (confidence interval [CI]: 2.7-20.8) (P < 0.05), higher risk of LBW as compared GA >37. If parity is <2 then 4.5 times higher chance (CI: 0.7-20.6) of LBW babies as against parity >2 (P < 0.05).
Discussion
In the present study of the 100 women, 36.8% delivered LBW babies, that is, baby weight <2500 g. This was very high in comparison with NFHS-3 data where the reported LBW was 23% in rural areas in India. [2] Other studies from Indian subcontinent also have documented almost similar percentage of LBW, 30.3% in Deshmukh et al. study, [8] Velankar [9] reported the incidence as high as 45.2%. Negi et al. [10] observed the incidence to be around 23.8% whereas; Trivedi and Mavalankar [11] and Kamaladoss et al. [12] reported 20.37% and 24.6% LBW, respectively, in their studies. Despite various efforts done to improve maternal and child health in our country, the prevalence of LBW is still on the higher side. The mean birth weight in the present study was 2.7 ± 0.6 kg which was on par with Solanki et al. [13] and low as compared to the study conducted by Negi et al. and Ramankutty et al. [10, 14] The incidence of LBW was high in mothers of age 20 years or less as reported in various studies. [10, 13] NFHS-3 also confirms that the proportion of births with a LBW is lesser among children born to older women (age at birth ≥20 years). These findings indicate prevention of teenage pregnancy to avoid LBW. However, in the present study, bivariate analysis did not show any significant relationship between the two. Though literature suggests association between maternal age and LBW, after applying multivariate analysis maternal age was found to be insignificant in some of the studies. [13] Studies have reported a lower risk of LBW in case of males [15] however; the present study did not see any such difference. The incidence of LBW was largely similar in both males and females.
Maternal education is one of the important factors affecting baby weight. Majority of the women in the present study had studied not more than class fifth (data not presented), therefore, we could not establish any association between maternal education and LBW. The duration of maternal education was found to be insignificant with the risk for LBW in Solanki et al. study. [13] On the other hand, Karim and Mascie-Taylor [16] found that birth weight increases with higher maternal education. [8, 10] In contrast to present study, Velankar, [9] found an insignificant association of preterm with the LBW.
The relationship between height of mother and birth weight was found to be insignificant in the present study which is on par with results reported by Amin et al. [17] On the contrary, Kramer [18] and Trivedi and Mavalankar [11] reported a significant association between maternal height and LBW. The relationship between gestational weight and LBW was also insignificant in this study and is in line with several other studies where no association between gestational weight and LBW was observed. [9, 19] Nonetheless, women's anthropometry, health status, and birth order are one of the major factors affecting birth weight, [20] a large body of literature has shown that birth weight increases with birth order [21, 22] . Hirve and Ganatra [23] in India found 1.3 times higher relative risk for LBW in primipara and in Africa, Lawoyin et al. [24] found that firstborn babies had a 3.1-fold higher mortality risk. In our study, primi-parity was associated with an increased relative risk for LBW with 4.5 times (P < 0.05). High sensitivity (81%) and specificity (64%) were also observed in predicting the risk of LBW.
Thus, overall results conclude that GA and parity were the major risk factors influencing the birth weight of the baby. With increase in parity, the birth weight of the baby improves, however that does not necessarily mean one needs to have more children. GA <37 weeks has significant more chances for LBW babies. There are numerous reasons for low GA such as lack of adequate nutrition, low body mass index, high blood pressure, maternal anthropometry and age, and anemia. Hence, the study implies that women need to be careful of all these above factors so as to avoid LBW babies.
The influence of the other maternal characteristics like anthropometry, blood pressure, maternal age, nutrition, infections, genetic makeup, twin pregnancies etc., remained insignificant may be because of small sample size.
